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ABSTRACT:  Genetically modified organisms are the recent innovation in bio- technology 
where genes from one species are inserted in another species for a desired trait. The essence 
underlying this discovery is to enhance the expression of gene(s) to express the desired traits in a 
host organism through modification by various principles of biotechnology. Agriculture is one of 
the major applications of this technology. In the context of agriculture, certain claims like 
improving the yield of the crop through reduced attacks of insecticides, pesticides, herbicides, 
drought tolerance, delaying early ripening etc have been made. In other words the farmers would 
be benefited by reduced usage of inputs and in turn generating more returns. But this technology 
has given rise to a controversy in the recent past because of the uncertainties associated with the 
technology and as a result the threat and harm it poses to the humans, animals and environment 
which are exposed to consume products of GE. In addition issues like ethical considerations 
relating to disrupting the identity of a genome and going against the evolutionary mechanisms 
where historically species used to adapt to nature by transfer of genes by self/cross pollination, 
active involvement of big corporate companies involved in the production of GMO’s with a goal 
to establish monopoly control over technology have also become controversial. This paper aims 
to highlight all such controversies through a study based on interviews with 20 scientists 
specialising in molecular biology and biotechnology research and 70 farmers who have been 
using Bt cotton. 
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INTRODUCTION 
Technological innovations have 
been transforming relations between nature and 
culture on one hand and social relations with in the 
societies on other. Modern science based 
technologies have been leading to paradigmatic 
shifts in the way we understand nature and apply 
our knowledge. The shift from hybrid seeds to the 
genetically modified seeds is one such paradigm 
shift. For example, in agriculture, genetic 
engineering has the potential to influence lives of 
humans and society at large. According to 
Schumpeter in the literature on ‘Generation and 
Spread of Innovations’ says that “the innovation 
process though internal to the firm, requires 
presence of external elements (J Technol Manag, 
2009) .Within the social space, the relationships 
established between the actors involve economic, 
political, scientific, historical, ecological, cultural 
issues that represent full complexity of 
environment in which innovations are generated 
and diffused(J Technol Manag,2009). Since the 
innovation of genetic engineering technology is 
diffused in the social space its analysis in terms of 
social, cultural, economic, ethical and ecological 
aspects remains an imperative. Genetic engineering 
alters the DNA of the host organism by the 
insertion of a gene from the same or different 
species for a desired trait, or to put it scientifically, 
altering a genotype for a particular phenotype by 
insertion of genes. This technology came in to light 
due to the potential to ‘eradicate  world hunger’ 
and the explicit claims it made from the previous 
technology like hybridization, examples being Bt 
cotton (against bollworm pest), Flavr savr tomato 
(to delay early ripening etc). The transfer of genes 
is done between two of the same species or 
different species from the one possessing desired 
trait to the one that does not have it. This kind of 
transfer of genes is called horizontal transfer of 
genes where the gene is directly inserted through 
bio technological methods like using gene gun and 
shooting the genes in to the cells of the host 
organism etc. This kind of insertion is dissimilar to 
the process of gene transfer that has been taking 
place in nature for a long time, namely vertical 
transfer of genes. Evolutionary mechanisms have 
been taking place all along through this vertical 
transfer thus enabling organisms to get adapted 
accordingly. The adaptation would occur by 
crossing over of species and transferring the genes 
required from parent to the off spring. Secondly, 
the big claims those GMOs are promising today for 
higher yield, resistance to insects, pests and herbs 
and conserving biodiversity and environmental 
safety have yet to be established in field conditions. 
There are issues based on the scientific factors as 
well since there are ambiguities involved with the 
scientific principles adopted. On economic front 
skepticism due to active involvement of big 
corporate enterprises promoting GM crops 
aggressively has been an issue. Ethical 
considerations like conserving the identity of the 
genome and that of the organism, the long term 
ecological effects, safety and also due to various 
cultural attributes the seed carries since the seed 
being bio-cultural resource have been key issues 
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usually debated. This paper focuses to bring out the 
perspectives of scientists from the fields of bio-
technology and molecular biology and farmers with 
regard to the controversy involved with GMO’s. 
Methodology: 
With regard to controversy involved with 
GMOs today, I interviewed scientists and farmers 
to elicit their perspective. The reason underlying 
selection of scientists is that scientists are aware 
(could understand better than a layman) of the 
science behind GMOs and farmers because they are 
users of this technology in the field conditions. I 
interviewed 20 scientists from well reputed 
universities and institutions in India working in the 
fields of bio-technology and molecular biology. I 
also interviewed 72 farmers growing Bt cotton 
from three mandals namely Rudraram, Darur, 
Nagasamandar in Vikarabad district of Telangana 
state in India. The main focus when interviewing 
farmers was to comparatively analyse the 
differences between ‘GM’ seeds and ‘Non GM’ 
seeds. 
1. PERSPECTIVES OF SCIENTISTS: 
I have interviewed 20 scientists who have been 
engaged in research in the area of molecular 
biology and bio technology to collect their views 
on the GMOs controversy and their take on it. 
Their views can be basically classified in to four 
categories.  
1)  Those who feel GMOs are safe and 
existing regulations are efficient.  
2) Those who feel GMOs have a 
technological potential but still the long 
term effects and its effect on environment 
should be checked with strong regulatory 
mechanisms.  
3) Those who feel that GMOs should not be 
allowed because of the limited scientific 
knowledge we possess today and hence 
risky.  
4) Those who did not like to comment 
though they are associated with Life 
Sciences research in reputed Institutions 
and universities. 
 The opinions that fall under the category 1 and 3 
are explicitly for and against GMOs and 2 argue for 
safety tests .If GMOs found to be risky beyond the 
tolerable level then terminate them.  
1.1.  GMO’s are Safe  
Out of 20 scientists I interviewed 4 have 
expressed their view completely in favour of 
GMOs as they believed feeling them to be safe and 
advocate that GMOs should be released in to the 
environment since the existing regulatory regimes 
are strong enough to check any potential dangers 
posed by them. They also argue that without this 
technology it is difficult to feed the ever increasing 
world population. According to them historically 
every new technology has gone through the same 
phases where in initially it would be resisted but in 
the long run people accept it and adopt it and same 
is the case with genetic engineering and technology 
,discarding genetic engineering is like ‘throwing 
baby with a bath water’. It would be fruitful that we 
encourage such technologies aimed at social 
wellbeing. They are also of the view that scientific 
uncertainties can be easily addressed with the 
amount of scientific knowledge today and strongly 
argued that that the gene transfers happening 
through genetic engineering is not something new 
but has been happening in nature for long time 
through crossing over of species. Here it is 
something that we directly insert the genes through 
the bio technological methods. It has been already 
two decades that GMOs have been introduced and 
the results showed no adverse consequences. They 
do not see any reason for longitudinal studies, as it 
did not result in devastating consequences till now 
and if we want to incorporate technologies in our 
modern agriculture it is not advisable in coming up 
with strong opposition against such technologies. 
One among the four is also of the view that 
developing countries like India should go for 
technologies like GMOs given its poverty 
conditions and the amount of food needed to feed 
one billion plus population. They feel the noise 
being made is because of the politics surrounding it 
and the government opposes it to appease people 
for the cause of votes. When asked about the 
involvement of big corporate companies they opine 
that big companies would obviously be profit 
driven since they spend a lot of money in bringing 
out such technologies and by default they make 
such profits and questioned ‘who would make 
something for free’? One among the four said that 
though the idea of a socialist distribution sounds 
good but to put things in right place and get things 
done, capitalism is the best suitable alternative. 
According to him, he sees no wrong with the 
involvement of big corporate companies.  
1.2. GM technology is potential but long term 
effects should be assessed before releasing it in 
to the environment:  
Eleven scientists mentioned that GM 
technology has potential but things have to be 
worked out carefully. If we are able to add 
beneficial traits by genetic engineering in GMO 
and bring it out for societal benefits we should do 
it, however we should be careful that these 
products that we are introducing in to the system 
don’t have any deleterious components. Any tool 
would may have some setbacks but it all depends 
on how well we use the tool, we can’t throw away 
the tool because we believe or we are afraid of 
some potential dangers, we should do well, we 
should assess our technology, we should be very 
careful about molecular markers and genetic 
components we are introducing in to the system. 
However, it is very important that we use GM 
technology for improved crop quality and quantity. 
This is essential because societal pressure on us to 
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produce the crop products is so high that unless we 
bring out the technology very well we cannot 
obviously solve the problem. It is not easy to stay 
how long we have to study to establish the efficacy; 
there is no easy answer for that. We should do as 
many studies as possible to reasonably satisfy 
ourselves about the safety of the technology about 
the markers etc.  But this is a never ending game. 
We can, to a reasonable extent, assure ourselves 
that it is safe and go with it. It is possible that 
several years down the lane one many discover that 
there was something wrong with it. That can never 
be ruled out. But at the same time you can never 
stop implementation of technology for societal 
good. It is always a double edged sword. We just 
have to use it very carefully. We need more food, 
but the question is how can we produce it? Either 
we can get it through cultivation of food crops with 
better technology including genomics based 
technology. When you try to increase food 
production in such a way it should be taken care 
also that GMOs do not affect human health 
adversely. For this we need long time based testing 
before putting them into market. If they do not 
affect health and nutritional value of the product 
then there is no harm in consuming them but prior 
to consuming safety tests have to be conducted in 
different agro-climatic zones. Otherwise this will 
not come in to success. If you go on producing and 
find that the GM seed is the cause of many diseases 
that we do not even now. So that will be futile 
exercise. After proper testing for benefits and risks 
of human health we can consume them.  
Genetically modified organisms are the future of 
the day, we cannot avoid them.  For the benefit of 
the mankind it is essential that we make GMOs but 
on a note of caution that when you do the 
manipulation one has to know exactly where 
manipulations are done that is controlled 
modification, uncontrolled modification is not a 
good one but definitely we have to modify, we 
have to know the gene sequence knowledge and 
how operons are being regulated. We need a clear 
cut understanding of it before we come to other 
things. A synthetic biologist expressed there should 
be regulatory mechanisms but we cannot totally 
avoid it. It is very important to be aware of where 
the DNA is being modified and how, most 
importantly how. If there is risk involved in how it 
is modified then I wouldn’t advocate GMOs. 
Whenever a new technology comes there is always 
a resistance against acceptance of that technology. 
The new technology should always consider ethical 
and safety issues. With the help of biotechnology 
we are going to make a revolution or change in our 
approach of food or pharmaceuticals and all 
different areas of our life requirements. We have to 
be very cautious how we are going to introduce it. 
The concept in the area of bio technology and 
genetically modified crops is developed for a very 
long time, since 20 years when it first came in to 
reality it was not in a position to be applied to the 
field because there were lots of ifs and buts. But 
during the last 20 years of new researches going 
and with all the different safety measures being 
taken up by the industry and researchers now we 
have a safe methodology for introduction of 
GMOs. Now how the people are going to use it? 
Science has made the contribution, the industry has 
taken up and we know that all the time there are 
spurious industries also and they will not do it 
properly, so there the government should have very 
strong regulatory mechanisms. That is why 
application also should be done very cautiously. 
For example, the application in a field for 
improvement of crop quality or making a crop 
resistant to a variety of different insects, the insects 
in West Bengal may not be same in Nagpur; they 
are not available in other places. So each place has 
got its own specific agronomic features and what 
types of things are going to be there that is to be 
decided by the local communities. The 
multinationals cannot go with a general idea that 
'technology for all contexts'. Researchers have a 
great responsibility to develop indigenous 
technologies benefitting the people accordingly. 
Whenever a discovery is made for benefit of the 
society, you can have a kind of protection but not 
patenting for money, only then it will benefit the 
masses. In a way I think it is not completely 
established for the fact that there may be some 
unknown effects arising out of GMOs. For some of 
the GM crops it has already been well established 
that they are safe and for some it still needs to be 
still completely proved. Two different crops are not 
necessarily the same; they might differ with respect 
to genetic composition, chemical composition and 
metabolic composition. So what might be true for 
one plant may not be true for the other when they 
are genetically modified. Each crop has to be 
independently assessed for its safety. There should 
be long term studies to assess the trans-generational 
effects.  When there was an issue with flavr  savr 
tomato it was called back, so a case by case 
analysis benefitting the farmers and consumers 
should be allowed. Monopolies such as Monsanto 
should not be allowed to gain control over seeds 
and eventually food security and destroy our poor 
farmers. It is government’s responsibility, systems 
responsibility to take care of that. As researchers 
we are as good as anybody else in developing a 
technology and India has good amount of trained 
man power. Our systems and organisational 
processes maybe slightly complicated, tricky etc. 
but in terms of skills we have them now to  utilize 
it towards bringing out these useful products we 
have to organize ourselves very well. Capability is 
there, we have to organize very well and we have 
to give the society carefully studied technologies. 
This is our responsibility; we cannot run away from 
it.  
1.3. GMO’s are not safe:  
Among the 20 I interviewed I could get 
only two who have abruptly said no to GMOs but 
only one of them gave a substantive justification as 
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to why GMOs are not safe. I quote the statement of 
a women scientist from IISC Bangalore: “From my 
point of view we know from more understanding of 
biological systems we are discovering micro rna, 
crna, pirna regulating mchanisms. The regulation 
of gene expression is so intricately coordinated. By 
putting up a foreign gene and letting it in to the 
wild consequences are something that I think 
present understanding of biological systems can’t 
predict. By feeding it to some mice how long will 
you monitor it? What if in humans it causes 
dementia at 60 instead of delaying it till 80? 
Anything can happen because these mi rna’s and 
all are floating in the systems. People have shown 
when they sequenced the rice genome many of the 
mirna’s floating in human serum are coming from 
the plant food that we eat and they influence our 
gene expression pattern, so when such is the 
interplay between multiple organisms it is 
arrogance on our part to put some foreign gene and 
claim on really limited knowledge and release it in 
the world. And I think the agencies like DBT and 
all are irresponsible by just bowing down to these 
kinds of commercial interests and the other thing is 
our politicians are doing out of sheer ignorance is 
linking all this to food security, in fact it will cause 
food insecurity if you ask me. If it wipes out the 
natural population of beneficial insects and live 
stocks can be adversely affected I mean anything 
might happen. By making a Bt Brinjal we might 
inadvertently hit the dairy industry. I think its 
arrogance and naivety to simply push something .If 
the argument in favor of food security is very 
strong that it increases 5 fold yields then I am 
willing to pay for it in rice, wheat etc. But they are 
putting it in species like brinjal which has very low 
nutritional value and a complete vegetable. It is a 
dark hole where you don’t know what the end 
outcome is and by the time the bad effects show up 
the persons who made these decisions would be 
dead and gone. In our country even if we give 
people the freedom of choice and label it and put it 
in the shelves saying that this Bt (GM), organic, 
natural how many in our population know what 
that means to make an informed choice? So we 
don’t have a population that is well informed which 
knows to make the right choice so that we can 
leave the choice to them and policy makers have to 
be much better educated, you cannot go and sit on a 
committee to decide whether Bt Brinjal can be 
allowed or not when you haven’t done your 
homework and learnt about it. Another thing they 
do is they pre-decide the policy and the committees 
are just to legitimize it. In India real democracy 
doesn’t happen, some influential people go per 
decided previous day over drinks by these men 
who get together and the rest other people in the 
committee get a signal which way the powerful 
people want to make a decision. They won’t open 
their mouths or would simply say ‘yes’ and will 
sign on a dotted line and look like a unanimous 
decision. Particularly I know in India the scientific 
committees, the term scientific committee, 
technical committee is a misnomer. There have no 
technical expertise and they will never admit when 
they don’t know. I am sorry I am a woman. There 
is a major problem with men; when they don’t 
know something they will never just give a simple 
answer, sorry, I don’t know. Instead they beat 
around the bush and tell you something what you 
are not asking for and most committees have only 
men and it makes it even worse. The more women 
you have and give out the signal that you won’t be 
penalized for speaking out your mind then only 
society is going to benefit. I feel participation of 
women is more important for society to make 
informed decision and as long as you treat your 
women as objects of sexual pleasure society will 
remain backward and tomorrow you will die of 
your GMO’s ,I mean if luck is not in our favour. 
The primary job of our government is to protect our 
population; the government has failed and should 
not allow companies like Mahyco though as a joint 
partner the government had no say when they there 
was a joint venture and through it rooted all these 
nonsense seeds. That’s a failure of government 
policy and our politicians are drawn from most 
disgusting sections of society, persons with 
criminal records who should be in jail. So, how do 
you expect them to take care of the poor?  Science 
doesn’t make you anything but teach you half-
baked technical stuff. So our education particularly 
if we are scientists is terribly flawed particularly 
here in India and our inability to see ourselves as a 
part of this wider society comes from this very 
compartmentalized kind of education which is in 
complete. As I first said we know so little about 
how in the long run this foreign gene can affect the 
life of the people who are consuming it. Leave 
aside what the plant can do by transfer of these 
genes from various vectors; there is horizontal gene 
transfer from bacteria to insects to anything. I don’t 
want ending it in my ‘gut’ in the form of some 
commensal bacteria permanently staying there and 
effecting gene expression in some of my beyon 
cells and compromise my ability to fight some 
infection.  
1.4.Scientists who did not express any opinion:  
Some scientists among those whom we 
interviewed did not express any opinion given the 
political complications it is involved with and 
tended to stay quite than speak for or against it.  
**(Few other opinions expressed: Among the 20 
scientists we met there were 3 female scientists 
from well reputed institutions who have expressed 
a deep dissatisfaction due to the composition of 
regulatory and policy bodies and feel that women 
are discouraged in decision making process.) 
The Perspective of Farmers:  
I interviewed 70 farmers from 3 mandals 
near Vikarabad district namely Darur, Rudraram 
and Nagasandram in Andhra Pradesh to know their 
experiences in growing Bt cotton and non Bt cotton 
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because today cotton is the only genetically 
modified crop cultivated in India. I understood that 
most of them being full time farmers taking it as a 
hereditary occupation and have been related to 
agriculture at least for over two generations. A 
farmer would be willing to buy seeds that give him 
maximum yield, less expensive and more output 
with less labor. It doesn’t make a big difference to 
the farmer whether it is a Bt seed or non Bt seed as 
long as it meets the above criteria. The only GM 
crop today in India Bt cotton which is developed to 
combat the bollworm pest that attacks the cotton 
plant initially came as ‘Bt1’ in the market; though 
it was used by farmers for a certain period of time 
but after that period the crop could not combat the 
pink bollworm, which gave raise to ‘Bt 2’. It is also 
true that today the farmers are left with no other 
choice other than Bt seeds in the market and as a 
consequence more than 85% of farmers are 
cultivating Bt cotton in India. To the farmer it is 
just a seed dealer that relates him to seeds of 
different companies. Today there are nearly 300 
seed companies in India all licensed by Monsanto 
(Phil Howard, 2013).  Usually a farmer puts one 
packet of seeds which is almost 240gm for an acre 
and the yield has been recorded 12-16 quintals per 
acre which is different from the non-Bt where it 
used to give 8-10 quintals per acre. Though there is 
an increase in yield it is not as high as the seed 
companies promised but definitely the increase is 
true. It is also true that the reduction in usage of 
chemical insecticide for bollworm has happened 
which is one noticeable difference between GM 
and non GM cotton. However, the fertilizer shops 
would conceal this information from those farmers 
who are not aware of this for making business. 
Today as mentioned above there are more than 300 
seed companies in India and the farmer chooses 
seeds of his choice on the basis of the experiences 
of his fellow farmers and the marketing strategies 
of the seed companies. It is the Monsanto’s license 
that all these seed companies would be using to 
produce Bt seed paying royalty. It is also true that 
Bt cotton has reduced usage of insecticide against 
bollworm but there are considerable number of 
other pests like sucking pest, mosquitoes etc. which 
are damaging the crop. It is a point to be noted that 
the seed companies could not meet the demand of 
the farmers initially when Bt seeds were introduced 
in to the market, the government has to distribute 
the seeds through police force, and such is the hype 
that these seeds have created with promises of high 
yield and economic benefits. There is also an issue 
of pirated seeds which are in the market where the 
farmer is at loss when falls prey to such spurious 
seeds. However, today with no other alternate 
means available to the farmers and after 
commercialization of seed the farmer majorly 
doesn’t see any difference in GM and non-GM 
seed as long as he has to buy it. But the difference 
observed in terms of yield and insecticide usage 
through GM has convinced the farmer from the 
point of view of his own interests. It is important 
here to take a note that the farmer is not informed 
anything about the long term effects, ecological 
impacts and other concerns which are widely 
debated. 
Conclusion: 
Given the fact that GMO’s are being 
pushed today as an alternative, it is important that it 
comes by addressing all the anxieties of farmers, 
consumers and environmental concerns. There is an 
uncompromising essence for longitudinal studies in 
terms of human and ecological safety. Here, the 
state and regulatory bodies have to be pro-active 
and responsibly act in assessing them for complete 
safety and should not even be reluctant in 
terminating this technology in case it is found to be 
alarming and should also be ready with the 
redressal mechanisms. Today in India since GM 
has not been accepted in any other crops than 
cotton because of the conclusions of the technical 
expert committee report, the hue and cry might be 
less as long as it benefits the farmer in economic 
terms even little better when compared to non 
GMOs, but our vantage point should be at the fast 
growing pace of this technology for other crops and 
aspects.  
One fact being despite spending so much 
money through public institutions and 
establishment of so many bodies like DBT, CSIR, 
etc., why is it that at the end of the day some 
corporate companies has to take over this 
technology? Is it not possible that our scientists 
from universities and public institutions to come up 
with such technologies and patent it in the name of 
public institutions? Where are we lagging behind 
the corporate companies despite spending so much 
public money? And India being a source for good 
quality of germplasm it would not be a Herculean 
task in finding such alternatives. Overwhelming 
historical evidence explains the notorious character 
of these big corporate companies. What if 
tomorrow these corporate companies like in the 
case of other technologies brings  in new products 
and asks to pay more for the better performing ones 
like in the case of other technologies? Wouldn’t the 
small farmers be losing the battle then? Wouldn’t 
the class differences be more conspicuous and 
increase inequalities? Our science, technology and 
innovations should be driven in a progressive 
direction but not as a tool of exploitation in the 
hands of big corporate companies at the cost of our 
own farmers and risking the health and safety of 
large sections of society and environment.  
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